Identification of lysine 74 in the pyruvate binding site of alanine dehydrogenase from Bacillus subtilis. Chemical modification with 2,4,6-trinitrobenzenesulfonic acid, n-succinimidyl 3-(2-pyridyldithio)propionate, and 5'-(p-(fluorosulfonyl)benzoyl)adenosine.
L-Alanine dehydrogenase from Bacillus subtilis was inactivated with two different lysine-directed chemical reagents, i.e. 2,4, 6-trinitrobenzenesulfonic acid and N-succinimidyl 3-(2-pyridyldithio)propionate. In both cases, the inactivation followed pseudo first-order kinetics, with a 1:1 stoichiometric ratio between the reagent and the enzyme subunits. Partial protection of the active site from inactivation could be obtained by each of the substrates, NADH or pyruvate, but complete protection could only be achieved in the presence of the ternary complex E.NADH. pyruvate. The nucleotide analogue of NADH, 5'-(p-(fluorosulfonyl)benzoyl)adenosine was also used for affinity labeling of the enzyme active site. Differential peptide mapping, performed both in the presence and in the absence of the substrates, followed by reversed phase high performance liquid chromatography separation, diode-array analysis, mass spectrometry, and N-terminal sequencing of the resulting peptides, allowed the identification of lysine 74 in the active site of the enzyme. This residue, which is conserved among all L-alanine dehydrogenases, is most likely the residue previously postulated to be necessary for the binding of pyruvate in the active site. Surprisingly, this residue and the surrounding conserved residues are not found in amino acid dehydrogenases like glutamate, leucine, phenylalanine, or valine dehydrogenases, suggesting that A-stereospecific amino acid dehydrogenases such as L-alanine dehydrogenase could have evolved apart from the B-stereospecific amino acid dehydrogenases.